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[57] ABSTRACT 

Printable color image data (Y, M, C and K) is subjected, 
in a first processor (Si), to a first correction procedure 
to compensate the same for a first additivity failure 
which results from the mixing of primary chromatic 
components (Y, M, and C). The color image data is 
thereafter subjected, in a second processor {Si), to a 
second correction procedure involving compensation 
for a second additivity failure caused by mixture of 
primary chromatic components (Y, M and C) with an 
achromatic component (K). Thereby, color image data 
(Ys, Ms and Cj) is obtained from which a color film 
approximating the colors that will appear in an ink- 
based printed reproduction of an original image is ob- 
tained. Conversion functions for providing the neces- 
sary compensation for the two additivity failures are 
defined/obtained on the basis of actual densities of a 
printed version of the color image data and a color film 
version thereof. 

11 Claims, 14 Drawing Sheets 
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terns), respectively, the process for compensating for 

MFTHOD OF CORRECTING COLOR IMAGE the additivity failure is complex. 
DATA FOR OBTAINING PROOF IMAGE 

SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION 5 The present invention concerns a method of correct- 

1. Field of the Invention ing color image data to reproduce a proof picture for 
The present invention relates to a method of correct- previewing of a printed matter. 

ing color image data, and more particularly, it relates to According to the present invention, the method com- 

a method of correcting color image data obtained by a prises the steps of: (a) preparing a reference color image 

color separation apparatus such as a process color scan- 10 data, (b) printing a first reproduced image with color 

ner, thereby to obtain a proof image on a display me- inks according to the reference color image data, (c) 

dium such as a color CRT or a color film for preview- producing a second reproduced image on the image 

ing a printed image. reproduction means according to the reference color 

2. Description of the Prior Art image data, the image reproduction means having a 
In multicolor printing, inks of the four colors yellow 15 color mixture character different from a color mixture 

(Y), magenta (M) and cyan (C) (Le., primary chromatic character of the color inks, (d) comparing the first and 

colors), and black (K) (i.e., an achromatic color for second reproduced images with each other to find a 

mainly compensating gradation of a dark part) are difference between respective color mixture characters 

printed over each other to obtain various colors. Thus, 0 f the color inks and the image reproduction means, (e) 

the final color tone of a printed matter substantially 20 f mding a correction rule for compensating for the dif- 
depends on the ratios and influences the volumes of ference, (f) reading an image of an original with a color 

inked color components Y, M, C and K. j^gg rea der to obtain first color image data consisting 
Accordingly, it is important to preadjust the ratios of of chromatic and achromatic components, and (g) cor- 

the color components at desired values^ and an appara- rectmg the first color image data through me correction 

tus for momtonng a reproduced image having the co or 25 x obtain XQOnd ^ - d ^ consisting of 

components Y, M, C and K on a color OlTor a color chromatic components to obtam * he proof ^ 

I^«JT£! iSSSL^f^ dcvcl °^^ proximating the printed matter which £ reproduced on 

an apparatus, ±e respective color components Y M, C £e basis of the first color image data, 

and K supplied from a color scanner are converted into A A . . : Ttu . 

color image data consisting of red (R), green (G) and 30 ^ According to an aspect of the present invention the 

blue (B), the latter colors comprising the three primary ste P (g) mcludcs * e f* a <* <f » the chro- 

colors of the additive color mixture used in the color matlc com P° nents . of tint color image data into 

CRTs, or into another colorimage data consisting of Y', mtcnncdiate color m 8 e consisting of chromatic 

M' and C\ which are three primary colors of the sub- components, thereby to compensate a first additivity 

tractive color mixture in color film, wherein the achro- 35 faUurc b V mixture of chromatic components, and 

mane color component K is substantially added to re- fe~ 2 ) combmm g chromatic components included in the 

spective primary Chromatic color components Y' t M' intermediate color image data with the achromatic 

and C for example. component included in the first color image data, to 

In this case, a problem is caused due to what is re- obtain ^ secc >nd color image data, 

ferred to as the "additivity failure" characteristic. FIG. 40 Preferably, the correction rule includes a first addi- 

1 shows a relationship between actual density of a multi- tivity failure function for compensating the first additiv- 
color print and the simple sum of density values of itv failure, and the step (g-1) is conducted through the 

respective single-color prints. The "additivity failure" is first additivity failure function. 

such that the density of an actual print obtained by Further, the difference defined in the step (d) may be 
overprinting a plurality of color inks with each other is 45 found for a plurality of colors in the step (d), and the 
lower than the simple sum of density values of single* ^ rst additivity failure function may be obtained through 
color prints. Such additivity failure characteristic is 30 interpolation of the difference for the colors, 
recognized in printed matter but is not present in a color According to another aspect of the present invention, 
CRT or a color film. Therefore, when the achromatic the step (g-2) further includes the steps of: (g-2a) con- 
color component ft is simply added to the respective 50 verting the chromatic components of the intermediate 
chromatic color components Y, M and C to reproduce color image data into a first data consisting of chromatic 
a proof image, the density of the proof image is different components through an inverse function of a second 
from that of an actual printed product. additivity failure function, the second additivity failure 

In order to obtain a proof image which is faithful to function being so determined as to compensate a second 

the reproduced image through a compensation of the 55 additivity failure caused by . mixture of chromatic com- 

additivity failure, correction methods based on a corre- ponents and an achromatic component, (g-2b) convert- 

lation formula expressing the additivity failure have ing the achromatic component of the first color image 

been developed. One of these is a technique using the data into a second data consisting of achromatic color 

well-known Neugebauer's equation^ component through the inverse function, (g-2c) adding 

However, since the additivity failure characteristic is 60 the second data to respective chromatic components of 

influenced by scattering of light in printing paper or the the first data to obtain third data consisting of chromatic 

like, the addivity failure characteristic expressed by the components, and (g-2d) converting the third data into 

correlation formula does not always coincide with that the second color image data through the second addi- 

in actual printing. tivity failure function. 

Further, since different correlation formulas should 65 Preferably, the reference color image data may ex- 
be prepared fof obtaining proof images corresponding press a color image data expressing an image of a chro- 
to different printing methods (e.g., gravure printing, made color scale, and the first additivity failure func- 
offset printing, and those with different screen pat- tion is determined through comparison between the first 
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and second reproduced images obtained through the Another object of the present invention is to easily set 

reference color image data. correction functions by which the additivity failures are 

Further, the reference color image data may be ob- corrected, 
tained through the step of reading respective colors of These and other objects, features, aspects and advan- 
color patches with the color image reader, where differ- 5 tages of the present invention will become more appar- 
ent colors are provided on the color patches. ent from the following detailed description of the pres- 

According to still another aspect of the present inven- ent invention when taken in conjunction with the ac- 
tion, the second additivity failure function is determined companying drawings, 
through the steps of: (h-1) preparing a reference gray 

image data having chromatic components and an achro. 10 BRIEF DESCRIPTION OF THE DRAWINGS 

malic component whose combination expresses an FIG. 1 is a graph showing an additivity failure char- 
image of a gray scale, (h-2) producing chromatic blocks acteristic, 

according to the chromatic components of the refer- FIGS. 2 and 3 are block diagrams showing the struc- 

ence gray image data, (h-3) producing an achromatic tureofa preferred embodiment of the present invention, 

block according to the achromatic component of the 15 FIG. 4 is a graph showing reproduction curves, 

reference gray image data, (h-4) printing a first gray FIG. 5 is a graph showing equivalent neutral E.N.D. 

image with the chromatic blocks or the achromatic balance curves, 

block, (h-5) printing a second gray image with the chro- FIG. 6 is a flow chart showing the operation of creat- 

matic blocks and the achromatic block, (h-6) comparing ing a color conversion table. 

respective densities of the first and second gray images 20 FIGS. 7A-7I illustrate color patches employed for 

to find a relation between the respective densities, and creating a color conversion table, 

(h-7) finding the second additivity failure function on FIG. 8 is a block diagram showing the structure of a 

the basis of the relation found in die step (h-6). converter employed for creating a color conversion 

The present invention is further directed to a method table, 

of finding a correction rule used to correct an additivity 23 FIG. 9 is a block diagram showing structure of a 

failure caused by a mixture of chromatic components color conversion table generator, 

and an achromatic component included in a color image FIGS. 10A-10B illustrate a color conversion correc- 

data, where the additivity failure expresses a discrep- tion tables, 

ancy between respective densities of a first reproduced FIG. 11 illustrates a color space of color conversion 

image printed with color inks and a second reproduced 30 correction table, 

image reproduced with an image reproduction means FIG. 12 is a flow chart showing the procedure of 

other than color inks both of which are obtained ac- creating a fitting table, 

cording to the color image data. The method comprises FIGS. 13A-13C illustrate gray scales employed for 

the steps of: (a) preparing a reference gray image data creating a fitting table, 

having chromatic components and achromatic compo- 35 FIG. 14 is a block diagram showing the structure of 

nent whose combination expresses an image of a gray a fitting table generator, and 

scale, (b) producing chromatic blocks according to the FIGS. 15 and 16 are graphs showing fitting functions, 

chromatic components of the reference gray image 

data, (c) producing an achromatic block according to DESCRIPTION OF THE PREFERRED 

the achromatic component of the reference gray image 40 EMBODIMENTS 

data, (d) printing a first gray image with the chromatic FIG. 2 is a block diagram schematically showing a 

blocks or the achromatic block, (e) printing a second process color scanner 10 and a proof image generator 

gray image with the chromatic blocks and the achro- 20. 

matic block, (f) comparing respective densities of the In the process color scanner 10, light L emitted from 

first and second gray images to find a relation between 45 a light source (not shown) located in a transparent origi- 

the respective densities, and (g) finding the correction nal drum 12 penetrates the original drum 12 and an 

rule on the basis of the relation found in the step (f). original 11 mounted on the same and reaches a pick-up 

The inverse function of the second additivity failure lens 13. The light L collimated by the pick-up lens 13 is 

function defined in the step (g-2) is made to act upon the reflected by dichroic mirrors 14 and converted into 

respective chromatic components and the achromatic 50 three electric color signals B, G and R by photoelectric 

component of the intermediate color image data and converters 15 including photomultipliers and the like, 

thereafter the respective chromatic components are and is further converted into primary chromatic signals 

added up with the achromatic component to process the Yo, Mo and Q and an achromatic signal Koby a masking 

chromatic components after such addition by the sec- and gradation circuit 16. A-D converters 17 convert the 

ond additivity failure function, thereby to obtain a proof 55 analog color signals Yo, Mo, Co and Ko into digital color 

image compensating the second additivity failure. The signals Y, M, C and K indicating respective halftone dot 

combination of the inverse function and the second area in percentage. 

additivity failure function ensures invariance in density These halftone rate or percentage signals Y, M, C and 

of the chromatic components when the achromatic K are further converted into halftone dot signals Yp, 

component is zero and invariance in density of the ach- 60 M* Cp and Kp expressing halftone dots by a halftone 

romatic component when the chromatic components is conversion circuit 18. Halftone negatives or halftone 

zero - positives for respective colors Y, M, C and K are pro- 

Accordingly, an object of the present invention is to duced in response to respective ones of the halftone dot 

provide a method of correcting color image data con- signals Y/>, Mp, Cp and K/». 

sisting of chromatic and achromatic components 65 In order to obtain a proof image on a color film, the 
through which a proof image approximating a printed halftone rate signals Y, M, C and K are transmitted to 
matter can be reproduced in high fidehty on a color an interface circuit 21 provided in the proof image gen- 
film, a color CRT or the like. erator 20, and from there to a converter 22. 
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FIG. 3 is a block diagram showing the internal struc- The color conversion elements F? Ere adapted to 

ture of the converter 22 according to the embodiment correct the E.NX). data EYi, EMi and ECi for com- 

of the present invention. pensating for the first additivity failure characteristic in 

The converter 22 comprises first, second and third the primary chromatic color components obtained 

processors S1-S3. The first processors Si converts the 5 through experiential comparison between actual densi- 

halftone rate signals Y, M t C and K into equivalent ties of a printed matter and a proof image. A method of 

neutral density data EYi, EMt, ECi and EKi, respec- setting such color conversion elements F2 is described 

tively. The primary chromatic components EYi, EMi in detail below. 

and ECi within the neutral density data are corrected in The E.N.D. data EY2, EM2, EC2 and EKi outputted 

the processor Si so as to compensate for the first addi- 1° from the first processor Si are converted into E.N.D. 

tivity failure which is caused by mixture of the primary data EY3, EM3, EC3 and EK3 respectively by inverse 

colors, thereby to obtain primary chromatic compo- fitting elements F3 located in the second processor S2. 

nents EY2, EM2 and EC2. The second processor S2 The second processor S2 corrects the second additivity 

corrects for the second additivity failure which is failure caused in the following addition of the achro- 

caused through addition of respective ones of the pri- 15 matic component EK3 to the primary chromatic com- 

mary chromatic color components EY2, EM2, EC2 and ponents EY3, EM3 and EC3* 

the. achromatic color component EKt. The third pro- A fitting element F4 is employed in order to correct 

cessor S3 converts equivalent neutral density data EY4, the second additivity failure. The fitting element F4 is 

EM4 and EC4 outputted from the second processor S2 adapted to convert E.N.D. values of respective color 

into color density data Ys, M5, and C5 for compensating 20 components obtained by simply adding the achromatic 

the respective shifts of the characters of a proof image color component EKi to the respective ones of the 

recorder and a color film, with which a proof image primary chromatic components EY2, EM2 and EC2 into 

will be obtained. E.N.D. values equivalent to those of the respective 

Detail of the construction and operation of the con- color components in a printed matter. As hereinafter 

verter 22 is as follows: The halftone rate signals Y, M, C 25 described in detail, the fitting element F4 has a conver- 

and K inputted into the first processor Si are converted s * on characteristic which is expressed with a nonlinear 

into the equivalent neutral density data EYi, EMi, ECi experimentally obtained functions, 

and EKi by density conversion elements Fi (Fi^ Fi m , or der to perform the conversion, the fitting ele- 

Fi c and Fia) respectively, FIG. 5 shows examples of ^ meat F4 holds a function G4 having the following char- 

E.N.D. balance curves for converting halftone area rate acteristic: 
into equivalent neutral density (E.N.D.) valves, which 

are stored in respective look-up tables in Fi- The ey^g^EYz^eKx) <u) 

E.N.D. balance of FIG. 5 is obtained on the basis of em^g^ (J£Af 2 +£Ki) (iw 
gray balance on a color film. Namely, if gray density of 35 

2.0 is reproduced on a color film by combination of ECa=Gi(ECi+eK\) o<o 
color densities of 1.5, 1.6 and 1.7 for yellow, magenta 

and cyan respectively, the curves are so presented that where EY41 EM4 and EC4 represent E.N.D. data of 

the respective positive halftone area rates correspond- respective color components outputted from the second 

ing to the color densities of 1.5 (Y), 1.6 (M) and 1.7 (Y) 40 processor S 2 . Further, the fitting function G 4 is common 

are converted into the common E.N.D. value of 2.0 to the primary chromatic color component data EY2, 

through the curves. Alternatively, the halftone rate EM 2 and EC2 (or EY4, EM4 and EC4). This is because 

signals Y, M, C and K may be first converted into color the data EY 2 , EM2, EC 2 and EKi are expressed in an 

density data respectively, and further converted into E.N.D. value which is common to these color compo- 

the equivalent neutral density (E.N.D.) data EYi, EMi, 45 nents. 

EC i and EKi. FIG. 4 shows examples of reproduction Upon such conversion in accordance with the expres- 
curves for converting halftone area rate into color den- sions (la) to (lc), however, the E.N.D. data EY 4 , EM 4 
sity. The halftone signals Y, M, C and K may be the and EC4 of the primary chromatic components after 
digital signals expressing color density values before conversion differ from the original E.N.D. data EY2, 
being subjected to the conversion into halftone area 50 EM2and EC2, respectively, when the achromatic corn- 
rates. In this case, the density conversion elements Fi ponent data EKi outputted from the first processing 
may be so constructed as to convert the color density means Si has a value of zero. 

values into E.N.D, data. However, when the component EKi is zero and only 

The E.N.D. data EYi, EM 1 and ECi of the primary the primary chromatic component data EY 2) EM 2 and 

chromatic components are processed by color conver- 55 EC2 have finite values, which have already been sub- 

sion elements ¥% (F 2yt Fim and F2c) separately from the jected to correction of the first additivity failure in the 

E.N.D. data EKi of the achromatic color component. first processor Si, the second processor S 2 must output 

The color conversion elements F 2> , F^ and F2 C have values equal to those of the primary chromatic compo- 

three-dimensional color solid mapping functions, where nent data EY2, EM 2 and EC 2 without correcting for the 

a lattice point having coordinates (EYi, EMi, ECi) in a 60 second additivity failure. This is because the second 

three-<iimensional coordinate system is mapped to an- additivity failure is caused by the addition of the achro- 

other lattice point having coordinates (EY 2) EM 2> EC2). matic component EKi or EK 3 , and therefore, the cor- 

More particularly, respective ones of the color conver- rection thereof is not required when an addition is not in 

sion elements F2r, F2m and F2c are in the form of a color fact carried out. 

conversion table in which the values of the data EY 2 , 65 In order to satisfy the requirement, the second pro- 

EM2 and EC2 are previously written with addresses cessor S2 is provided with the inverse fitting elements 

corresponding to the values of the primary chromatic F2 holding the inverse functions G3 of the function G4. 

color component data EYwEMi and ECi, respectively. The inverse fitting elements F3 act upon the primary 
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chromatic component data EY2, EM2, EC2, and EK] to 
output data EY3, EM3, EC3 and EK3, respectively. The 
achromatic color component EK3 is added to the pri- 
mary chromatic component data EY3, EM3 and EC3 in 
adder elements FA, to deliver the values obtained 5 
through the addition to the fitting elements F4, respec- 
tively. The processing in the second processor Sj is 
expressed as follows: 



8 



EYt~ G 4 (G3 (BY$+ <h (EK\)) 
£C 4 «C? 4 (G3 {EC$+Qi (EK\)) 



(2a) 10 
(2b) 



(2c) 
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where G4=(G3) -1 . When the achromatic component 
data EKi has a value of zero, the primary chromatic 
component data EY4, EM* and EC4 are equal to the 
inputted primary chromatic component data EY2, EM2 
and EC2, as expressed in the following equations: 20 



EM 4= G 4 (G3 (£Af2»=£M 2 
£C4=0 4 (03(£C2))=£Ca 



(3ft) 
(3b) 

(30 25 



40 



45 



Also when none of the primary ■ chromatic compo- 
nent data EY2, EM2 and EC2 have finite values, invari- 
ance in density of the achromatic component data EKi 
is ensured in the second processor S2. 30 

The primary chromatic component data EY4, EM4 
and EC4 thus obtained with correction of the second 
additivity failure in the second processor S2 are supplied 
to the third processor S3. 

The third processor S3 has correction elements F5 35 
(Fsy, Fsm and Fs c ) for converting the inputs EY4, EM4 
and EC4 into the color density data Y5, M5 and C3 (Le., 
Y', M' and C in FIG. 2). The elements F5 are look-up 
table memories, for example. 

A procedure of setting the color conversion elements 
F2 in the first processor Sj is as follows. 

A look-up table having a conversion character corre- 
sponding to the color conversion function G2 is called a 
color conversion table CT. The color conversion table 
CT is adapted to obtain additive combinations of the 
primary chromatic components Y, M and Q for color 
conversion. In the preferred embodiment, the color 
conversion table CT is created through observing of the 
densities of a printed matter obtained by overprinting of 50 
the color inks corresponding to the primary chromatic 
components Y, M and C as hereinafter described, 
whereby the first additivity failure of the combination 
of the primary chromatic components is compensated 
through the conversion in the color conversion table 55 
CT. 

FIG. 6* shows the procedure for setting the color 
conversion table CT, as follows: 

Step Tl: A plurality of original color patches, which 
differ in their density values of the primary chromatic 6Q 
components Y F M and C, are prepared to serve as origi- 
nals. FIGS. 7 A, 7B and 7C illustrate examples of origi- 
nal color patches which are different in distribution of 
primary chromatic density values. For example, an 
original color patch No. 1 (OPi) shown in FIG. 7A is 65 
formed by a plurality of unit patches Vymc having con- 
stant yellow density corresponding to zero percent in 
halftone area rate, while as magenta and cyan density 



values in adjacent boxes vary by five percent in the 
halftone area rate. 

Step T2: The first original color patch 11 (OPi) (FIG. 
2) of these original color patches is mounted on the 
original drum 12 to be scanned by the color scanner 10, 
thereby to obtain the halftone dot signals Y/>, Mj> and 
C/>. In this process, the image of the original color patch 
11 is separated into the chromatic components Yo, Mo 
and Co (Ya M/> and C/>) only, while the achromatic 
component Ko (Kp) is set to be zero by an operator. 

Step T3: On the basis of the respective halftone dot 
signals Yp, Mpand Cpoutputted from the color scanner 
10, respective halftone positives of the chromatic colors 
Y, M and C are actually produced thereby to create a 
first reproduced color patch FRj for triple printing by 
utilizing blocks produced with the halftone positives. 
FIG. 7D illustrates an example of the first reproduced 
color patches FRi thus obtained. 

Step T4: The halftone rate signals Y, M and C ob- 
tained by reading the original color patch OPi at step 
T2 are inputted by the converter 22 from the color 
scanner 10 through the interface circuit 21. Color den- 
sity data Y40 1 Af and C outputtedfrom the convener 22 are converted 
into analog signals Ya, M',4 and C'a by D-A converters 23a, 
23b and 23c, respectively. Respective laser beams Lj, 
L<? and Lr of blue, green and red emitted from laser 
generators 24a to 24c, are respectively modulated with 
acoustic optical modulators (AOM) 25a to 25c, which 
are controlled by the respective analog signals Ya, M'a 
and C'A, to create a second reproduced color patch 26' 
(SRi) through an exposure of a color film 26 and devel- 
opment thereof. FIG. 7G illustrates an example of the 
second reproduced color patch SR], At this time, the 
conversion characters in the converter 22 are set to 
produce a linear conversion so that the color density 
data Y*, M' and C will have the same density levels as 
the halftone rate signals Y, M and C. FIG. 8 is a block 
diagram showing the equivalent structure of the con- 
verter 22 in this stage. The elements F2 (F 2y , F2m, ?2c) of 
the first processor Si in FIG. 3 are equivalently re- 
placed with elements f2 (hy, f2m, ile) through storage of 
linear tables therein. The elements F3 and F4 of the 
second processing means S2 in FIG. 3 are also equiva- 
lently replaced with elements f j and U respectively 
through storage of linear tables therein. The elements 
hy> f2m and f2c output the input data EYi, EMi and BC\ 
themselves respectively, where those three data EYt, 
EM 1 and ECi are commonly inputted to the elements 
hy> hm and £2* The elements f3 and f 4 also output the 
inputted data themselves. This is because the first and 
the second additivity failure, which will define the func- 
tions of the elements F2, F3 and F4, are not known in 
this stage. However, the elements 13 and f 4 may have 
arbitrary functions under the condition that the ele- 
ments f3 operate as inverse functions against the ele- 
ments f 4 because invariance of the input data is main- 
tained by those elements f3 and Win case the value of the 
achromatic component EK] is zero. 

Step T5; The first original color patch OPi is re- 
placed by a second original color patch OP2 to perform 
the processing of the steps T2 to T4, thereby to repro- 
duce first reproduced color patches FR2 on a printed 
matter and second reproduced color patches SR2 on a 
color film respectively. Thereafter the remaining origi- 
nal color patches OP3 (not shown) to OP21 are succes- 
sively mounted on the scanner 10 to be subjected to the 
identical process, thereby to obtain first reproduced 
color patches FK\ to FR21 and second reproduction 



02/20/2004, EAST 



Version: 1.4.1 



9 4 ' 926 ' 

color patches SRi to SR21 as to the respective original 
color patches QPi to OP21. 

The original color patches OPi to OP21 employed in 
the preferred embodiment have colored areas where 
density values of the respective primary chromatic 5 
components are changed stepwise by five percent in the 
halftone area rate. In order to obtain color image data 
corresponding to the original color patches, the respec- 
tive primary, chromatic component signals Y, M and C 
expressing the respective halftone area rates may be 10 
gen er ated within the color scanner 10 without reading 
the image of the original color patches. 

Step T6: Then, the color conversion table CT is cre- 
ated on the basis of the first reproduced, printed color 
patches FRi to FR21 and the second reproduced, filmed 15 
color patches SR\ to SR21. The color conversion table 
CT is constructed to express the relation between the 
colors on the unit patches of the first reproduced color 
patches FRi to FR21 and those on the unit patches of the 
second reproduced color patches SRi to SR21 with 20 
respect to common original colors. For example, the 
color of a unit patch a (Y=5%, M=10%, C=5%) of 
the first reproduced color patch FR2 in FIG. 7E should 
be matched with color of a unit patch b of the second 
color patch SR2 in FIG. 7H. In this case, a unit patch 25 
being identical in color (or approximate in hue) to the 
unit patch a is found within the second color patches 
SRi .to SR21, through human observation or density 
measurement. It is assumed here that the said unit patch 
is found to be the unit patch c in the color patch SR\. 30 
Then, a color conversion table CT is so formed as to 
convert coordinates of a lattice point corresponding to 
the unit patch b (hereinafter referred to as a subject 
patch) into coordinates of a lattice point corresponding 
to the unit patch c (hereinafter referred to as a matching 35 
patch) in a three-dimensional color space. Such opera- 
tion is repeated for every unit patch to create the color 
conversion table CT. 

FIG. 9 is a function diagram showing a color conver- 
sion table generator 30 which is constructed with an 40 
off-line computer, for example. 

A unit patch number Nc of the subject patch b is 
inputted in a lattice point information element 31. Dif- 
ferent unit patch numbers are provided for each differ- 
ent unit patch having different halftone area rates Y, M 45 
and C The relation between the unit patch numbers and 
the halftone area rates Y, M and C are previously set in 
the lattice point information element 31. Since the half- 
tone area rates Y t M and C corresponding to respective 
unit patches of the first reproduced color patches FRi 50 
to FR21 can be previously known, the halftone area 
rates Y, M and C may be directly inputted to the lattice 
point information element 31 in place of the unit patch 
numbers. The lattice point information element 31 con- 
verts the inputted unit patch number Nc into coodinate 55 
data EYc EM C and EQ for a color conversion correc- 
tion table element 34. The coordinate data EY C EM C 
and EC C are obtained as E.N.D. values. 

A unit patch number Nm of the matching patch c is 
inputted in a halftone rate converter 32. The halftone 60 
rate converter 32 converts the unit patch number Nm 
into halftone area rates Y m » Mm and C m . The data thus 
converted into halftone percentage are supplied to a 
density converter 33 to be converted into matching 
density data EY m , EM m and EC, expressed in E.N.D. 65 

The coordinate data EY C , EM C and EC C and the 
matching density data EY m , EM m and EC m are inputted 
in a color conversion correction table 34. The matching 



10 

density data EY m , EM m and EC m are written in a three- 
dimensional address in the color conversion table 34 
designated by the coordinate data EYc EMc and EQ, 
to specify a conversion rule at the lattice point corre- 
sponding to the coordinate data. Such processing is 
repeated to create the color conversion correction table 
34. FIG. 10 shows an example of the color conversion 
correction table 34, The color conversion correction 
table 34 consists of three subtabels 34y, 34 m and 34 c 
corresponding to the matching density data EY m , EM m 
and EC m respectively. For example, the matching den- 
sity data EY m (=0.16), EM m (=0.46) and EC m (=0.21) 
are stored in the subtables 34y, 34m and 34 c respectively 
at the common lattice point defined by the coordinates 
(EYc EM C) ECc)=(0.17, 0.31, 0.21). The lattice point 
(EY e , EMo ECc)=(0.17, 0.31, 0.21) corresponds to the 
unit patch b shown in FIG. 7H, and the coordinates 
thereof are obtained by converting the halftone area 
rates (Y, M, Q=(5%, 10%, 5%) of the unit patch b into 
E.N.D. data along the relation shown in FIG. 5. Fur- 
ther, the matching density data EY m (=0.16), EM m 
(=0.46) and EC m (=0.21) are obtained by converting 
the halftone area rates Y (=0%), M (=20%) and C 
(=5%) of the unit patch c into E.N.D. data along the 
relation shown in FIG. 5. In practice, lattice coordi- 
nates (EYc EMc, EC C ) and matching density data 
(EYm, EM m , EC m ) are provided not as analog values as 
shown in FIG. 10 but as digital values of eight bits, for 
example. A density range of 0.1 to 2.5, for example, is 
expressed as a digital value ranging between 0 to 255 
defined by eight bits. 

The color conversion correction table 34 is combined 
with an initial color conversion table 35 through an 
interpolation processing element 36 to obtain a color 
conversion table 37 (CT). The initial color conversion 
table 35 and the color conversion table 37 are in the 
same form as the color conversion correction table 34 
shown in FIG. 10, so that both of the initial color con- 
version table 35 and the color conversion table 37 con- 
sist of three subtables corresponding to three matching 
data EY m , EM m and EC m , respectively. 

When the color conversion table 37 (CT) is initially 
created, coordinate values of the lattice points them- 
selves are stored as matching data in respective lattice 
points of the initial color conversion table 35. Namely, 
data EYc, EMc and EC c are respectively stored at lattice 
points having coordinates of (EY 0 EMc, EC C ) in three 
subtables of the initial color conversion table 35. Data 
respectively stored in the initial color conversion table 
35 and the color conversion correction table 34 are 
supplied to the interpolation processing element 36 to 
create the color conversion table 37 through interpola- 
tion. 

It is possible to employ not the unit patch numbers 
but rather actually measured color density data Y2, M2 
and C2 as the data concerning the color to be converted. 
In this case, the color density data Y2, M2 and C2 are 
converted into E.N.D. values by a density value con- 
verter 38, thereafter to supply the same to the color 
conversion correction table 34 through a switch SW. 

Now, the interpolation process performed by the 
interpolation processing element 36 will be described. 

FIG. 11 shows a color space CS y corresponding to 
the subtable 34y. The color space CSy is cubic and is 
surrounded by six end planes Hi to H*. The matching 
density data are related to one or more lattice points L/, 
respectively, which are shown as white circles in FIG. 
11. The lattice points L/ having the matching density 
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data will be referred to as effective lattice point. Inter- 
polation data FY at a lattice point I/>(EY/, EM/, EC/) is 
obtained as follows. If a matching density data EY m is 
given at the lattice point lp in the color conversion 
correction table 34, the same is used as the interpolation 5 
data FY for the color conversion table 37. If a matching 
data is not given at the lattice point I/>, the interpolation 
data FY is obtained by linear interpolation with the 
following equation (4). 



12 



10 



FY EYq + j i(DY x - EYiWih + ft + (4) 

(Dr 2 - £i2)/i/(/i + /a + Cor 3 - EYiWih + k) + 

{OYa - EY4)Mh + / 4 ) + (DY S - Er 5 )/6/(/5 + h) + 

(Dr 6 - sr&rth + <s» 
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where 

FY: interpolation data at the lattice point lp 

EYo: matching density data at the lattice point I/>, 20 
stored in the initial color conversion table 35 

DY/ (/ = 1-6): matching density data stored in the 
color conversion correction table 34 correspond- 
ing to six reference lattice points Pi-P$ 

EY/ (= 1-6): matching density data stored in the ini- 25 
tial color conversion table 35 according to the six 
reference lattice points Pi-Pe 

1(0= distances from the lattice point I/»to the six 
reference lattice points Pi-Pe 

The six reference lattice points Pi-Pe are defined as 30 
those points which are the nearest points from the lat- 
tice point lp along six direction lines which are parallel 
or antiparallel to the coordinate axes EY 0 EM C and 
EC C . FIG. 11 shows the six reference lattice points 
P1-P6 for the lattice point lp. If an effective lattice point, 35 
for which a matching density data is stored in the color 
conversion correction table 34, does not exist along a 
direction line from the lattice point I/>, an end point P e 
being an intersection point of the direction line with 
corresponding one of the six end planes H1-H6 is se- ^ 
lected as the reference point P/, where matching density 
data DY/and EY/are equal to each other in the equation 
(4). Further, if the initial color conversion table 35 has 
an effective lattice point LL/ (not shown) between the 
lattice point Ij>and the end point P*, the effective lattice 
point LL/ may be selected as the reference point P/. In 
the case of FIG. 11, the reference lattice points Pi, P2 
and P6 are the effective lattice points and the other 
reference points P3, P4 and P5 exist on the end planes 
H3, H4 and H5 respectively. Consequently, the values of 
the data DY3. DY4 and DY5 are equal to those of EY3, 
EY4 and EY5, respectively. 

The interpolation equation (4) has been adapted the 
yellow component of color image data, but the same 
equation is also adaptable the magenta component and 
to the cyan component to obtain interpolation data FM 
and FC, respectively. The interpolation data FY, FM 
and FC are stored in the color conversion subtables 37^ 
37m and 37 c respectively as matching density data. 

As described above, the color conversion table CT is „ 
formed to convert the original density data EYi, EMi 
and ECi into the converted density data EY2, EM2 and 
EC2 on the basis of the reproduced colors on an actual 
printed matter and a color film, whereby density on the 
color film printed by utilizing the converted density 
data EY2.EM2 and EC2 is made coincident with density 
on the printed matter obtained by overprinting the pri- 
mary chromatic color inks with each other. Thus, cor- 



rection of the first additivity failure between the pri- 
mary chromatic components is performed by the color 
conversion table CT. 

The subtables 37^, 37 m and 37 c of the color conversion 
table CT are set in the color conversion elements Fiy, 
Fim and F2r(FIG. 3), respectively. The coordinate data 
EY 0 EMcand EC C correspond to the E.N.D. data EYi, 
EMi and ECi respectively, and the matching density 
data SY, SM and SC correspond to the E.N.D. data 
EY2, EM2 and EC2, respectively. Next, a method of 
actually obtaining the fitting element F4 for correcting 
for the second additivity failure will be described. 

As hereinabove described, the fitting element F4 is 
also formed as a look-up table, similar to the color con- 
version element F2. A table that is stored in the fitting 
element F4 is referred to herein as the fitting table FT. 

FIG. 12 is a flow chart showing the following proce- 
dure of creating the fitting table FT: 

Step Til: An original gray scale OG (FIG. 13A) is 
prepared which contains several stepwise increasing 
gray levels, from a gray step Gi to a gray step G17. 
Density values of the respective gray steps Gi, G2, . . . 
Gn are expressed with the symbols DOi, DO2, . . . 
DO3. 

Step T12: The original gray scale OG is scanned to 
read the various densities thereof. 

Step T13: Halftone positives for respective colors Y, 
M and C are produced on the basis of the halftone dot 
signals Yp, Mpand Cp outputted from the color scanner 
10 which scans the original gray scale OG, to print a 
first reproduced gray scale sample FG (FIG. 13B) for 
triple printing by utilizing the blocks produced with the 
halftone positives. Then, density values DFi, DF2, . . . 
DFn of respective gray steps of the first reproduced 
gray scale sample FG are measured. 

Step T14: A second reproduced gray scale sample is 
printed using only black (K) so that density values of 
respective gray steps thereof are identical to those of 
the respective gray steps of the first reproduced gray 
scale sample FG. 

Step T15: The blocks for respective colors Y, M and 
C employed for printing the first reproduced gray scale 
sample FG and the block for the K printer employed 
for printing the second reproduced gray scale sample 
are utilized to print a third reproduced gray scale sam- 
ple TG (FIG. 13C) by quadruple printing, and then, the 
density values DTi, DT^ . . . DTn of respective gray 
steps of this sample are measured. 

Step T16: A fitting table is created on the basis of 
actual density data obtained for the reproduced gray 
scale samples. FIG. 15 is a block diagram showing the 
internal structure of a fitting table generator 40 which is 
constructed by an off-line computer for example. 

The density values DFi to DFn of the first repro- 
duced gray scale sample FG or the density values DSi 
to DSn of the second reproduced gray scale sample are 
inputted in a density converter 41. These samples are 
identical in density to each other in the respective gray 
steps, and hence density data of either sample are appli- 
cable. The density converter 41 doubles the inputted 
data to output the same. This processing corresponds to 
simple addition of density values of the Y, M and C 
prints and the density value of the K print. Since the 
additivity failures are not present in a color film, the 
density converter 41 doubling the inputted data substan- 
tially gives gray densities of a color film which will be 
obtained through the color image data employed for 
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reproducing the third reproduced gray scale sample element F4 can be easily generated by obtaining actual 

TG. density data according to the method described above. 

Output values of 2DFi, to 2DF n from the density As alreadly point out, the inverse fitting function G 3 

converter 41 and the density values DTi to DTn of the is introduced in order to ensure in variance in density of 

third reproduced gray scale sample TG are inputted in 5 the primary chromatic components EY 2 , EM 2 and EC 2 

a fitting function generator 42. The fitting function m ^ second processor S 2 when the value of the achro- 

generator 42 specifies reference gray pome defined on ^ ^po^t EK) « zero. Therefore, when the 

the two^ensional coordinate p ane defined with a achromatic ^ has a fmite value, correction of 

Si^™ t, ¥?r « d T W™* ** second additivity failure through the inverse func- 

axis) as shown in FIG. 15, on the basis of the relation in *i r* j *u cJx r +1 • i j 

between the doubled density values 2DFi to 2DF 17 of h ™ 03 ^ * e fittU * fun< ?T ° 4 m ? U *? ™ 

the respective gray steps of the first reproduced gray respect *? corr ^ on of the second additivity fail- 

scale sample FG and the density values DTi to DTn of ^ e m co ™?»™™ ™& a correcUon through the fitting 

the respective gray steps of the third reproduced gray hl ^ tl0n ? 4 on } v : . 

scale sample TG. The reference gray points PGi, . . . 15 r J* 6 vdue of tms error can be «t™ated through the 

PG5 having coordinate values (DTi, 2DF0, . . . (DT5, following discussion with reference to the graph of the 

2DF5) are plotted in FIG. 15. fittm 8 faction G4 shown in FIG. 16. 

The coordinate data as to the reference gray points When the density value EY2 of the Y component is 

are delivered to an interpolation processing element 43, ^ 5 the density value EKi of the K component is 

in which the reference gray points are interpolated to M f° r example, density value EY2+EKi obtained by 

yield the fitting function G4, thereby to create a fitting simply adding up these values is 2.5. Therefore, when 

table 44. This interpolation is expressed by the follow- the density value EY2+EK1 (=2.5) is transformed 

ing equation (5) for example. through the fitting function 64 without a preliminary 

transformation through the inverse function G3, the 

^ r *T^'» {(2Z>F '~ jDrj) ^ /+l/<A/,+ H ->< density value G4<2.5) after such correction is 1.86, as 

+ 1 )+(2DF jf+ t -DT,+ i)W(Lyi+ *»+ 1» (5) 25 ^ mQ ^ Qn ^ when ^ 

wnere tive density values EY2 and EKi are preliminarily trans- 

DT* interpolated density value defined on the x-axis £™J 22*?% ^ ^V™< r ^vV^' 

2DF y : density value on ihe y-axis at which interpo- JP? JSTJSI fw^lr^*?^?* ™ 

lated density value on the x-axis is obtained 30 «? « ^ ue G ^ l)+G ^ >> ? ^ 

2DF fc 2DF, +1 : density values of reference gray ^V*.*?^ conve «* d by , to *?* 

p<>mtePaandPG/ + ionmcy.axisneighbormgthe C0TT ^ n ^ ^(2.6) 

density value 2DF receives the value 1.88 is obtained. Therefore, an error 

DTf, OT# + i: density values of reference gray points or deviation of 0.02 between the value in the 

PG/ and PG/+ 1 on the x-axis 35 P referred embodiment and the ideal correction value 

Ay/ f Ay /+ i: respective differences between density P*^ 5 ) b P resent Such 311 OTOr causes Poetical prob- 

values 2DFy and 2DF* and between density values lem m P^ice, and correction of the second additivity 

2DF/ + i and 2DF,, failure by the second processor S2 is sufficient for a 

FIG. 16 shows the fitting function G 4 thus obtained. practical reproduction, regardless of the value of the 

Namely, the fitting table 44 operates according to the 40 achromatic component EKi. 

fitting function G4 for conversion from simple addition Although a color film is employed for the image 

of the primary chromatic components and the achro- reproducing means in the preferred embodiment, a 

matic component into another density data in which the color CRT can also be employed as the image repro- 

second additivity failure is already compensated. The ducing means. 

y-axis and the x-axis correspond to the input and the 45 Further, the density converter Fi is not necessarily 

output of the table 44, respectively. Assuming that the placed in the first processor Si, but may be provided in 

x-axis represents the input and the y-axis represents the the exterior thereof. The important feature of the pres- 

output to the contrary, the inverse function G3 of the ent invention is that the equivalent neutral density sig- 

fitting function Ga is obtained. nals EYi, EMi and EC\ are inputted in the color con- 

The fitting function G4 is generated in the form of a 50 version element F2 of the first processor S\. 

look-up table and is set in the fitting element F4 pro- Further, the interpolation along the equations (4) and 

vided in the second processor S2 in FIG. 3. The inverse (5) for creating the color conversion table CT and the 

function G3 is also set in the inverse fitting element F3. fitting table are linear interpolation, but non-linear inter- 

Because the color image data in the second processor polation by polynominal fitting, for example, is also 

S2 are expressed as E.N.D. values, which indicate 55 possible. 

equivalent gray densities, the fitting function G4 and the According to the present invention, the first and 
inverse fitting function G3 are common to all of the second additivity failure can be compensated for pre- 
primary chromatic components and those functions G3 cisely and in coincidence with actual overprinting, 
and G4 obtained on the basis of gray density measure- Thereby, a color image which is very close to an actual 
ment are directly applicable to the element F3 and F4 60 printed matter can be reproduced or displayed by ir- 
respectively in the second processor S2. other color reproducing means while correction means 
Since the fitting element F4 is obtained as described required for compensating for the additivity failures can 
above, the correction taking place in the second proces- be easily set. 

sor S 2 compensates the second additivity failure charac- ^ the second processor S 2 , the primary chromatic 

tenstic observed in actual overprinting. Also in case of 65 components EY2, EM 2 and EC 2 and the achromatic 

compensating additivity failure in different printing component EKi processed in the first processor Si are 

methods (offset printing of different types of halftone converted by the inverse function element F3, respec- 

dot, gravure printing, etc.), the table stored in the fitting tively, to be thereafter added up, thereby to make the 
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fitting element F4 act upon the added value. Thus, in- 
variance in density of the primary chromatic compo- 
nents EY2, EM2 and EC2 can be ensured when there is 
no achromatic component EKi and in variance in den- 
sity of the achromatic component EKi can be ensured 
when there are no primary chromatic components EY2, 
EM2 and EC 2 . 

Although the present invention has been described 
and illustrated in detail, it should be understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 

What is claimed is: 

1. A method of correcting color image data to obtain 
therefrom a viewable proof image which is indicative of 
the colors that will appear in a printed image produced 
according to said color image data, said method com- 
prising the steps of: 

(a) providing reference color image data, 

(b) printing a first reproduced image with color inks, 
according to said reference color image data, 

(c) producing a second reproduced image with a 
non-ink-based image producing device based on 
said reference color image data, said image produc- 25 
ing device having a color mixing result which is 
different from a color mixing result obtained with 
said color inks, 

(d) comparing said first and second reproduced im- 
ages and determining the difference between the 30 
respective color mixing results, obtained with said 
color inks and said image producing device, 

(e) defining a correction rule for compensating said 
difference, 

(f) reading an image of an original with a color image 35 
reader and obtaining first color image data consist- 
ing of chromatic and achromatic components, and 

(g) correcting said first color image data using said 
correction rule to obtain second color image data 
consisting of chromatic components, and generat- 40 
ing a colored proof image whose colors are indica- 
tive of the colors in a printed image which is repro- 
duced on the basis of said first color image data. 

2. A method in accordance with claim 1, wherein 
said step (g) includes the step of: 
(g-1) correcting said chromatic components of said 

first color image data to obtain intermediate color 
image data consisting of chromatic components 
which are compensated for a first additivity failure 
caused by mixture of chromatic components, and 
(g-2) combining the chromatic components included 
in said intermediate color image data with said 
achromatic component included in said first color 
image data, to obtain said second color image data. 

3. A method in accordance with claim 2, wherein 
said correction rule is based on a first additivity fail- 
ure correction function and is effective for com- 
pensating for color discrepancies caused by said 
first additivity failure, and 
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said step (g-2) further includes the steps of: 
(g-2j) converting said chromatic components of said 
intermediate color image data into first data con- 
sisting of chromatic components through an in- 
verse function associated with a second additivity 
failure correction function, said second additivity 
failure correction function being so determined as 
to compensate for a second additivity failure 
caused by mixture of chromatic components and an 
achromatic component, 
(g-26) converting said achromatic component of said 
first color image data into second data consisting of 
achromatic color components through said inverse 
function, 

(g*2c) adding said second data to respective chro- 
matic components of said first data to obtain third 
data consisting of chromatic components, and 

(g-2J) converting said third data into said second 
color image data through said second additivity 
failure correction function. 

6. A method in accordance with claim 5, wherein 
said reference color image data contains color image 

data in the form of a scale of chromatic color, and 
said first additivity failure correction function is de- 
termined by comparing said first and second repro- 
duced images obtained through said reference 
color image data. 

7. A method in accordance with claim 6, wherein 
said reference color image data is obtained through 

the step of reading respective colors of color 
patches with said color image reader, where differ- 
ent colors are provided on different ones of said 
color patches. 

8. A method in accordance with claim 6, wherein 
said second additivity failure correction function is 

determined through the steps of: 
(h-1) preparing a reference gray image data having 
chromatic components and an achromatic compo- 
nent whose combination expresses a gray scale 
image, 

(h-2) producing chromatic blocks according to said 
chromatic components of said reference gray 
image data, 

(h-3) producing an achromatic block according to 
said achromatic component of said reference gray 
image data, 

(h-4) printing a first gray image with said chromatic 
blocks or said achromatic block, 

(h-5) printing a second gray image with said chro- 
matic blocks and said achromatic block, 

(h-6) comparing respective densities of said first and 
second gray image and defining a relation between 
said respective densities, and 

(h-7) defining said second additivity failure correc- 
tion function on the basis of said relation in step 
(h-6). 



9. A method of defining a correction rule which is 
effective for compensating for an additivity failure 
said step (g-1) is carried out using said first additivity 60 caused by mixing of chromatic components and an 
failure correction function. achromatic component included in color image data, 

4. A method in accordance with claim 3, wherein where said additivity failure is attributed to a discrep- 
said difference is determined for a plurality of colors ancy between respective densities of first and second 

in said step (d), and reproduced images obtained from said color image data, 

said first additivity failure correction function is ob- 65 wherein the first reproduced image is printed with color 
tained through an interpolation of said difference inks and the second reproduced image is reproduced by 
for said plurality of colors. means other than with color inks, said method compris- 

5. A method in accordance with claim 4, wherein ing the steps of: 
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(a) preparing reference gray image data having chro- 
matic components and an achromatic component, 
the combination of which defines a gray scale im- 
age, 

(b) producing chromatic blocks according to said 3 
chromatic components of said reference gray 
image data, 

(c) producing an achromatic block according to said 
achromatic component of said reference gray 
image data, 10 

(d) printing a first gray image based on said chromatic 
blocks or said achromatic block, 

(e) printing a second gray image based on said chro- 
matic blocks and said achromatic block, 

'(f) comparing respective densities of said first and 15 
second gray images and defining a relation between 
said respective densities, and 

(g) defining said correction rule on the basis of said 
relation in said step (f). 

10. A method for proofing an image prior to the 20 
printing thereof, said method comprising: 

(a) reading an original image and generating original 
color image data representative thereof; 

(b) generating from said original color image data 
modified color image data for controlling there- 25 
with the printing, with inks, of a reproduction of 
said original image; and 

(c) converting said modified color image data to 
image proofing data for controlling an image pro- 
ducing device of the type which produces an image 30 
without the use of colored inks, said converting 
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being carried out in accordance with a predefined 
correctional rule; 
wherein said correction rule is such that image gener- 
ated with said image producing device from said 
image proofing data is colorwise visually identical 
to an image printed, with colored inks, from said 
modified color image data, wherein, further, said 
correction rule is such that it defines and correlates 
for each of a plurality of primary color mixtures 
associated with ink base printing a corresponding 
primary color mixture for a non-ink base printing 
process such that the use of correlated color mix- 
tures produces visually identical colors in respec- 
tive images. 

11. The method of claim 10, further comprising gen- 
erating said correction rule, the generation of said cor- 
rection rule including: 

(a) providing reference color image data; 

(b) printing a first reproduced image with colors 
determined according to said reference color 
image data; 

(c) producing a second reproduced image with said 
reference color image data and by means of a non- 
ink-based image producing device; 

(d) comparing said first and second reproduced im- 
ages and identifying the difference between the 
respective colors at different locations in said first 
and second reproduced images; and 

correlating locations in said first and second images 
which contain similar colors. 

***** 
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